OBJECTIVE -Trends in the metabolic syndrome might follow trends in obesity. We examined this hypothesis in the Mexico City Diabetes Study (MCDS), a study that showed rising trends in obesity, and the effect of the metabolic syndrome on the risk of coronary heart disease (CHD).
T he prevalence of obesity and type 2 diabetes have reached epidemic proportions in developed and developing countries (1, 2) . Obesity, particularly abdominal obesity, is a central element of the metabolic syndrome (3) (4) (5) and a strong predictor of incident metabolic syndrome (3) . Therefore, it has been hypothesized that the prevalence of the metabolic syndrome has increased (5, 6) . However, information regarding secular trends in the metabolic syndrome is largely unavailable (6) .
We aim to test this hypothesis in the Mexico City Diabetes Study (MCDS), a population-based study that showed rising trends in obesity (7) . We have examined also the relationship between prevalence trends of the metabolic syndrome and individual metabolic disorders and the effect of these trends on the estimates of coronary heart disease (CHD) risk (8) .
RESEARCH DESIGN AND METHODS -The MCDS is a population-based study of type 2 diabetes and cardiovascular disease. Detailed descriptions of this study have been already published (9) . In brief, the MCDS enrolled men and nonpregnant women aged 35-64 years from six low-income neighborhoods (colonias) of Mexico City, each one corresponding to one census tract. A complete household enumeration was performed in each neighborhood between November 1989 and February 1990. A total of 3,326 study-eligible individuals consisting of men and nonpregnant women 35-64 years of age were identified. Of these, 2,813 (84.5%) subjects completed a home interview, and 2,282 (68.5%) completed a medical examination in a clinic between 1990 and 1992. Subjects who attended the clinical examination were similar to those who attended only the home interview in terms of age, sex, and self-reported history of myocardial infarction, diabetes, and smoking. A total of 1,764 (77.6%) participants returned for a first follow-up examination between 1993 and 1995, and 1,754 (76.9%) returned for a second follow-up examination between 1997 and 1999.
Acquisition of data and definition of variables Survey protocols at baseline and follow-up were identical for the measures examined in this report. Current cigarette smoking and pharmacological treatment for diabetes and hypertension were selfreported. Waist circumference was measured at the level of the umbilicus. Systolic (1st phase) and diastolic (5th phase) blood pressures were recorded to the nearest even digit with a random-zero sphygmomanometer (Hawksley-Gelman, Sussex, U.K.) and the participant in the sitting position. Systolic and diastolic blood pressures were reported as the mean of the second and third blood pressure readings. Blood specimens were obtained after a 12-to 14-h fast. A 75-g oral glucose load (Orangedex; Custom Laboratories, Baltimore, MD) was administered to determine 2-h plasma glucose. Plasma glucose, total and HDL cholesterol levels, and triglyceride levels were measured with an Abbott Bichromatic Analyzer (South Pasadena, CA) in the laboratory of the Division of Clinical Epidemiology in San Antonio. LDL cholesterol was calculated using the Friedewald formula in samples with triglyceride levels Ͻ4.5 mmol/l.
We applied the revised National Cholesterol Education Program definition of the metabolic syndrome. Therefore, an individual had the metabolic syndrome if he or she met at least three of the following criteria: elevated waist circumference (Ͼ102 cm in men or Ͼ88 cm in women), high triglyceride level (Ն1.7 mmol/l), low HDL cholesterol level (Ͻ1.04 mmol/l in men or Ͻ1.29 mmol/l in women), high blood pressure (Ն130/85 mmHg or treatment with antihypertensive medications), and elevated fasting glucose value (Ն5.6 mmol/l or current treatment with antidiabetic medications) (10). Obesity was defined as BMI Ն30 kg/m 2 . We assessed diabetes status using the 1999 criteria of the World Health Organization (11) and applied the Framingham risk equations to estimate the 10-year CHD risk (8) .
Statistical analysis
All analyses were performed with SAS statistical software (version 8.0; SAS Institute, Cary, NC). GENMOD, a procedure that fits generalized linear models, was used to compare means and prevalence rates with the logit link between periods of examination. GENMOD permitted us to account for the fact that follow-up data represented repeated measures of the same individuals. Age and age-squared were included as covariates to allow for a nonlinear association between age and each variable. All comparisons in Tables  1, 2 , and 3 and Fig. 1 were carried out with these adjustments. Logit transformation of Framingham risk estimates was used to compare CHD risk. Logistic regression analysis was used to examine the metabolic syndrome and other baseline characteristics in subjects who returned for follow-up and in those who did not return. All probability values were twosided.
RESULTS -Variables associated with the metabolic syndrome did not change in the same direction during follow-up (Table 1). Similarly, elevated waist circumference, low HDL cholesterol level, and high fasting glucose value became more prevalent, and hypertriglyceridemia and high blood pressure became less prevalent (Table 2) . Additionally, the prevalence of elevated waist circumference increased more than that of obesity among men.
In men, the age-adjusted prevalence of the metabolic syndrome did not increase between 1990 -1992 and 1997-1999 (P ϭ 0.349); in women, the preva- lence decreased (P Ͻ 0.001) ( Fig. 1 and Table 3 ). Prevalence changes in the metabolic syndrome were directly related to weight gain (Fig. 2) . The prevalence of the metabolic syndrome did not increase in participants who lost weight, even though the effect of age was not taken into account. Total and LDL cholesterol levels, cigarette smoking, and type 2 diabetes were also examined to determine a 10-year probability of CHD using the Framingham risk equations (Table 3) . Total cholesterol did not increase in either men or women, but LDL cholesterol increased in both. Smoking rate decreased in men, but diabetes prevalence increased. Neither smoking nor diabetes changed in women. CHD risk over 10 years decreased slightly in men and did not change in women.
Because of the MCDS design (threepoint estimates of a single cohort), we were concerned about the possibility of baseline differences between participants who returned to follow-up and those who did not. After accounting for the effect of age, a return for the second follow-up visit was not associated with metabolic syndrome status at baseline (odds ratio in men 1.13 [95% CI 0.82-1.57]; odds ratio It has been suggested that the prevalence of the metabolic syndrome has increased in the U.S. population because of the increasing number of individuals with obesity and/or type 2 diabetes (5,6). However, studies on prevalence trends in the metabolic syndrome are unavailable, except for a recent report from the National Health and Nutrition Examination Survey (NHANES) (6) . In this report, Ford et al. described increases in the prevalence of the metabolic syndrome among women and elevated waist circumference in men and women between 1988 -1994 and 1999 -2000. We have examined the presumed association between trends in obesity and the metabolic syndrome in MCDS, because this is a survey that showed rising trends in obesity (7). Contrary to our expectations, the prevalence of the metabolic syndrome has not increased in Mexico City between 1990 -1992 and 1997-1999.
Why is the metabolic syndrome not more prevalent whereas elevated waist circumference is? We do not have a complete answer beyond two observations. First, hypertriglyceridemia and high blood pressure have decreased significantly. Second, low HDL cholesterol levels in men and women and elevated waist circumference in women cannot sustain large prevalence increases because they are already very prevalent at baseline.
The question can be simplified by looking at the opposite trends of low HDL cholesterol levels and hypertriglyceridemia. These disorders share common genetic and environmental determinants (12) . Genetic determinants remain constant in MCDS, but central elements of the metabolic syndrome (obesity, physical activity, and diet) do not. Central obesity has increased during follow-up. However, changes in physical activity and diet are missing, because data are available only at baseline (18 -19% of total calories from fat and 64 -65% from carbohydrates) (13) . Rivera et al. (14) presented data indicating that worsening obesity in the Mexican population between 1988 and 1999 is associated with greater inac- tivity and dietary changes (increase in fat and refined carbohydrate consumption and decrease in overall carbohydrate intake). Epidemiological data also indicate that an increase in fat intake promotes obesity (although it is a controversial subject) (15) and that high-carbohydrate diets induce hypertriglyceridemia (16) . Therefore, we suggest that a decrease in the overall carbohydrate consumption could offset the deleterious effect of increases in central obesity, refined carbohydrate intake, and inactivity on the prevalence of hypertriglyceridemia.
The deleterious effect of these lifestyle changes may be responsible for the increase in LDL cholesterol level. Nevertheless, the total cholesterol level has not increased owing to the decreases in triglyceride and HDL cholesterol levels. Despite rising trends in LDL cholesterol levels, CHD risk has not gone up because of the opposite changes in other risk determinants, such as smoking and the metabolic syndrome. The metabolic syndrome is associated with greater risk for both cardiovascular disease and CHD (17, 18) , although some components carry a greater risk than others. High blood pressure, hypertriglyceridemia, and low HDL cholesterol levels confer a greater cardiovascular risk than the other two components (19) . Consequently, CHD risk has not increased in Mexico City. Improvements in blood pressure and triglycerides in men and women and smoking in men may have counterbalanced worsening LDL and HDL cholesterol levels in men and women and type 2 diabetes in men.
The metabolic syndrome is also a good predictor of type 2 diabetes (20, 21) , but some components have a greater impact on diabetic risk than others. Those that confer the greatest risk, obesity and elevated fasting glucose value (22) , have worsened in Mexico City. In addition, waist circumference, the best predictor among the obesity indexes (23, 24) , has increased more than BMI in men, a finding that has been previously described in men and women from NHANES (2). Therefore, diabetes risk could have worsened despite similar or even lower prevalence of the metabolic syndrome, an inference that is supported by increasing trends for type 2 diabetes in men.
Our study has limitations that derive from its design (three time point estimates of a single cohort). Follow-up data are repeated measures of the same individuals. The cross-sectional relationship between age and each variable may be nonlinear. Nevertheless, bias is unlikely, because those concerns are taken into account by our statistical methods. Another potential problem is the possibility that the cohort gets gradually enriched (or deprived) with participants who have the metabolic syndrome (or individual risk factors) at baseline. However, baseline characteristics of participants who return to follow-up are not different from those of participants who do not return except for high blood pressure and cigarette smoking in women. Moreover, limiting the analysis to participants who have returned to both follow-up visits generates similar results.
In summary, the prevalence of the metabolic syndrome has not increased in Mexico City between 1990 -1992 and 1997-1999 despite more central obesity and worsening glucose status. Trends in the metabolic syndrome may have misleading implications for diabetes risk. Diabetes risk could have risen because obesity and glucose status carry a greater risk than the other components. Improvements in blood pressure, triglyceride levels, and smoking status have averted deleterious changes in LDL and HDL cholesterol levels and diabetes on CHD risk.
